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EXECUTIVE SUMMARY

Evidence is presented indicating that the zonal extent of auroral
F-region ionization enhancements can be comparable to tneir lacitudinal
extent. The preferred meridional wavelength of these large-scale F-region

blobs is typically 50 km [e.g., Kelley et al., 1982], whereas the present

observations show zonal wavelengths as short as ~150 km. Despite the fact
that these east-west gradients are less steep than the meridional ones, they
may still be a significant source of small-scale structure because the
destabilizing meridional electric field component is typically four to five
times larger than the zonal component in the auroral zone, except near the
Harang discontinuity. Moreover, the linearly unstable gradient-drift mode
in this configuration would result in east-west aligned sheet-like
irregularities as have been observed through spaced-receiver scintillation

measurements in the auroral zone [Rino et al., 1978; Livingston et al.,

1978].

It is important to realize, however, that other observations (during
magnetically quiet periods) have shown that some blobs extend east-west for
many hundreds of kilometers. Indeed, because the F-layer production rates
are relatively slow, it would seem necessary to maintain a spatial resonance

between the auroral oval "source region" and the convection pattern for time

periods on the order of several hours to produce the peak densities




observed. A detailed study of these effects is currently underway and will

be presented elsewhere.

Because of the long lifetime of F-region ionization and rapid auroral
convection speeds, the structure we observed could have been produced
elsewhere. However, the two-dimensional horizontal structure observed was
consistent with that expected from linear instability theory and the
observed configuration of electric fields and neutral wind. This suggests

that the gradient-drift instability is operative locally.

There is some inconsistency between the assumptions currently adopted
in instability models/simulations and the actual auroral-zone situation.,
For example, the complicated effects associated with the highly conducting E
layer have not been adequately addressed. We have shown the feasibility of
the local operation of the gradient—drift instability in interpreting the
present data set. However, if the growth rates are reduced by a factor of
10 to 100 because of the rétio of F~- to E-region Pedersen conductivities, a
local instability process is not viable. In that case, we suggest that
structure develops principally in the polar cap, where the E-region plasma
density is low, and then convects to the observation point in the auroral

zone.




L e

PREFACE

This work was supported by the Defense Nuclear Agency under Contract

DNA 001-82-C~0021, and by the Air Force Office of Scientific Research under
Contract F49620-80-C-0014. Radar operations were supported by the National

Science Foundation under Grant ATM 7823658,

Ao V00w Isdes
' svall ocna/or
Speeial

} ||




Section

II

III

v

TABLE OF

EXECUTIVE SUMMARY . . . .
PREFACE . o
LIST OF TLLUSTRATIONS . .
INTRODUCTION. « & o« o & &
EXPERIMENT., . « ¢« « + .

RESULTS ¢ ¢« o o o o « o &

CONTENTS

e o o o o

DISCUSSION AND CONCLUSIONS. « . . .

REFERENCES. « « .+ ¢« « « &

Page

10
13

25

32




LIST OF ILLUSTRATIONS

Figure Page
1 The Ionospheric Electric-Field Variations as a
Function of Time « « o« ¢ ¢ o o o ¢ o s o o o o s o » o o 14
2 Six Meridian-Scan Maps of Isodensity Contours Showing
the Variability in Blob Plasma-Density Structure . . . . 17
3 Plan Views of Blob East-West Structure, at Three

Different Altitudes. « « + o o o o ¢ o o s ¢ o o s o o 21




I INTRODUCTION

The presence of large-scale, plasma-density enhancements in the auroral
¥ layer has become increasingly evident in recent years; their existence has

been detected with the Chatanika incoherent-scatter radar [Vickrey et al.,

1980; Robinson et al., 1982]. Because of the appearance of these
plasma-density enhancements in isodensity-contour maps, constructed from
elevation-scan data obtained in the magnetic meridian, these features have
become known as F-region "blobs.'" These blobs, which were not very
noticeable in Chatanika radar measurements during periods of low solar

activity [e.g., Robinson et al., 1982], have become a dominant feature in

the auroral ionosphere during recent years of high solar activity. Peak
plasma densities in these enhancements range from about 10° el/cm3 during

solar minimum to 100 el/cm3

or more during solar maximum. Blobs have
spatial dimensions of about a few hundred kilometers in altitude, and from
several tens of kilometers to a few hundred kilometers in latitude. They

have been observed as single, isolated features or as multiple structures in

the auroral zone. !

Initial interpretation of radar data regarding the three-dimensional ;
shape of blobs has been in terms of a magnetic-field-aligned slab of
enhanced plasma density that extends over many degrees of longitude along an

L shell, much akin to visual auroral arcs. This interpretation is natural '
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if blobs and visual aurora are thought of as structures produced by particle i

precipitation.

The existence of east-west (or longitudinal) variations in blob plasma
density was not given serious consideration until the discovery that
latitudinally confined regions of scintillation-producing irregularities

[Fremouw et al., 1977; Rino et al., 1978; Rino and Owen, 1980] were

spatially collocated with F-region blobs [Vickrey et al., 1980]. The

occurrence of smaller-scale (£l-km) irregularities in the vicinity of
horizontal gradients in plasma density associated with the walls of blobs,
and the presence of an auroral electric field suggested that gradient-drift

instability was probably operative as a structuring mechanism [Simon,

1963; Linson and Workman, 1970]. The occasional occurrence of small-scale

irregularities on a blob wall that apparently should be stable to the
gradient-drift instability has led researchers to propose current-convective

instability as an alternate structuring mechanism [Ossakow and Chaturvedi,

1979; Keskinen et al., 1980].

Both the gradient-drift and current-convective instabilities predict
the development of east-west structure along the walls of blobs that are .
characterized by latitudinally directed gradients in plasma density.
Locally intense particle precipitation and sources of irregular electric !
fields other than the above-mentioned plasma instabilities can also produce
east-west plasma-density structure. Whether one or several of these

mechanisis are opeir :tive, there is good reason to expect east-west structure 1

in F-region .lo...




In this report, we present the first direct evidence that F-region
blobs do indeed have east-west plasma-density structure. A two-week
experiment was conducted with the Chatanika radar in November 1981 using
antenna scan modas designed so that the radar measurements would
characterize the blobs in three dimensions. In addition, the electric field
and meridional neutral wind were measured to determine the expected
structuring configuration that would be produced by the gradient-drift
instability. We selected an exceptional data set for the initial analysis
and preliminary results presented here. We show that the observed structure
in the blob is consistent with the gradient-drift instability driven by a
southward neutral wind blowing through :he equatorward wall of the blob and
by a southward electric field acting on the western wall of the blob. The
blob region, interpreted as being produced by soft-particle precipitation,
is, therefore, envisioned as having a large quasi-elliptical cross section

in the latitude-longitude plane before being distorted by the instability.




I1 EXPERIMENT

The Chatanika incoherent-scatter radar was operated periodically from 5

to 16 November 1981 specifically to determine the presence (or absence) of
east-west horizontal structure in the auroral F layer. If such structure
were discovered, we hope to characterize it in three dimensions. Because
three-dimensional spatial mapping of plasma structure in a dynamic
environment is extremely difficult to do with an incoherent-scatter radar,
we sought to minimize space-time ambiguities by compromising on the spatial
coverage sampled by the radar. Advantage was taken of the interactive
capability and real-time graphic information available at the Chatanika
radar facility. Various radar scan modes were designed, each intended for
spatial characterization of east-west plasma structure under different
electrodynamic conditions. The data set analyzed in this report was

obtained using what we call the "zipzap" mode.

The zipzap mode consists of a sequence of five elevation scans in the
magnetic meridian, followed by two fixed—-position measurements to determine
the electric-field vector and the meridional neutral wind. This mode is
most suited for mapping east-west blob structure in the presence of a large
zonal plasma flow. The basic approach is to scan in the meridional plane as
rapidly as possible while the blob drifts eastward (or westward) through the

scan plane at a measured rate. The scanned sector was restricted in

10




latitudinal extent to minimize the time between scans. Each scan was made

in 100 s and a complete zipzap cycle was completed in 13 min.

The interactive capability of the radar was used extensively during the
experiment. Elevation scans covering approximately 10° of latitude at
F-region altitudes were used on a patrol basis to search for blobs.
Range-time—intensity (RTI) maps of the elevation scans were made in real
time and used to determine blob location. The zipzap mode was then
initiated with the limited-scan sector centered on the latitude of the
blob(s). With this approach, we were able to track the latitudinal movement
of blobs while collecting scan sequences of the blob cross section in

latitude versus altitude.

The radar was operated using two pulse widths, 60 and 320 us, which

1 for

were transmitted alternately with a pulse repetition frequency of 36 s~
each pulse width. The elevation scans were continuous and covered a spatial
sector corresponding to 300-km horizontal distance at an altitude of 350 km.
The data were recorded on magnetic tape after a 5-s, on~line integration
period. The fixed-position measurements were made for 60 s each, one with
the radar beam directed to the east of the magnetic meridian for the
meridional electric-field component and the other looking along the

geomagnetic field line, B. The second measurement gives the plasma velocity

along B from which the meridional component of neutral wind can be deduced.

11
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The plasma densities presented in this report were computed using the

320-us pulse width and a 10-s integration period. The 10-s integration
results In a 30-km horizontal distance resolution at the 350-km altitude in
the meridional plane. The plasma densities were sorted into a matrix with
the data columns aligned along the geomagnetic field, and then smoothed
along g. These smoothed data were then used to construct the isodensity

contour maps presented in the following section.

12




ITT RESULTS

The data set presented in this section was obtained on 10 November 1981
between 1104 and 1117 Universal Time (UT). Alaskan Standard Time (AST) lags
UT by 10 hours. The results, therefore, pertain to a period shortly after
local midnight. The data set consists of six limited~sector meridian scans
and corresponding electric-field and neutral-wind measurements. We present
the electric~field and neutral-wind results first to establish the dynamic
conditions that prevailed when the plasma~density structure was observed.

We then proceed to describe the meridian-scan data and present isodensity
contour maps that reveal the east-west plasma~density structure associated

with F-region blobs.

The electric-field (g) results are presented in Figure 1. The figure
shows the (geomagnetic) southward and eastward components of the electric-
field vector, plotted as a function of time. The electric~field vector was
computed by combining the radial Doppler velocity measured during the
elevation scans with the fixed-position measurements. Two estimates of the
radial Doppler velBEity out of the magnetic meridian plane were available,
one obtained before the limited-sector elevation scans and the other during
the period between the fifth and sixth elevation scans. The first
measurement was made around 1103 UT with the antenna pointed toward

geomagnetic east. The second was made around 1116 UT with the antenna

13
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pointed 15° east of Magnetic North and at 66° elevation. Thus, in addition

to the temporal difference between the two estimates of E, they are
latitudinally separated. The first is more representative of the zonal
drift overhead, while the second estimate of zonal drift was centered on the
latitude of the blob. The results of both computations are presented in

Figure 1.

The electric-field vector is important in determining the spatial
location of F-region blobs as a function of time. From Figure 1, we see
that the eastward electric field was small, typically 2 mV/m, and reached a
maximum of -7 mV/m around 1110 UT. A 2-mV/m eastward (or westward) electric
field displaces the blob only 4-km latitudinally in 100 s (the scan time);
the maximum value of 7 mV/m would displace the blob 14 km in 100 s. Thus,
we conclude that a blob centered in the scanned sector could not have been
convected latitudinally out of that sector (2150 km) by the time of the

following scan.

The southward electric field was nominally 22 mV/m, although somewhat
variable with time. The zonal plasma drift during this period was,
therefore, eastward at a speed of ~440 m/s (26.4 km/min). During the 100 s
it took to complete an elevation scan, a blob could have moved 44 km in
longitude. With this sampling rate, therefore, we cannot resolve east-west

structure with scale sizes less than 88 km.

Knowledge of the electric field is also important (together with the

neutral wind) for estimating the growth rate of the gradient-drift

15
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instability. East-west structure can be produced by that instability when a ]

north-south component of the difference (or "slip") velocity between the

F-region plasma and the neutral gas exists. The meridional component of the
neutral wind was ~380 m/s at 1103 UT and ~370 m/s at 1117 UT, both directed
southward. The slip velocity, therefore, must have been in the range from i
230 m/s to 420 m/s, and directed poleward. With this slip-velocity

direction, the equatorward wall of a blob should have been unstable and,

thus, subject to east-west plasma structuring.

We now describe the meridian-scan data set, presented in Figure 2. The
first five panels [Figures 2(a) to 2(e)] contain isodensity contour maps of
the auroral ionosphere above the 200-km altitude, obtained between the times
of the neutral-wind measurements. The fifth scan [Figure 2(e)] was followed
by electric-field and neutral-wind measurements, and then the sixth scan
shown in Figure 2(f). The isodensity contours are plotted in a format such
that the geomagnetic field is vertical in the altitude versus invariant-
latitude coordinates. The magnetic dip angle at Chatanika is 76.9° at the
300-km altitude. Heavy lines have been used for contours with values of 4,
6, 8, and 10 x 10° el/cm3. The first five scans were made at approximately
2-min intervals, and the sixth scan was completed about 5 min after the

fifth scan.

The blobs can be characterized by their peak plasma density, altitude
of peak plasma density, and latitudinal gradient. The peak plasma density
is seen to vary from 4 x 10° el/cm3 to 1.1 x 108 el/cm3. The largest of

these values is about two times greater than that reported by

16
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Vickrey et al. [1980]. The altitude of maximum plasma density is somewhat

variable, ranging from 380 to 420 km. These plasma densities and F-laver
peak altitudes are in reasonable agreement with the computational results of

Watkins and Richards [1979]. Using a soft-particle precipitation model,

they found that an equatorward-directed neutral wind increases both the
altitude of the F-layer peak and the peak plasma density. Finally, we note
that the latitudinal plasma-density gradient is steeper on the equatorward
side of the blob. i steeper equatorward wall is consistent with our
prediction of gradient-drift structuring based on the electrodynamic

conditions described above.

Beside the physical characteristics of blobs seen in a given contour
map, important evidence for east-west structure is contained in the
variability of blob characteristics from map to map. From Figure 2, we see
that blobs found in successive maps do not correlate well. A blob found in
one map cannot be easily identified with a blob in the next map without
involving an anomalously large (1) production by particle precipitation, (2)
latitudinal transport by east-west electric fields, or (3) loss rate. The
only reasonable interpretation appears to be in terms of east-west

structure.

For example, the blob in Figure 2(a) at the 380-km altitude might be
associated with the intense blob in Figure 2(b) if both anomalously large
production and equatorward transport occurred between scans. Watkins and
Richards [1979] showed, however, that the e-folding time for }-region

plasma-density production by particle precipitation 1s about one hour. Even

18




if anomalously large production rates were not needed, we find that the

observed latitudinal displacement requires a westward electric field of

about 30 mV/m. The westward electric field was not larger than 3 mV/m.

Other examples can be found in Figure 2. The intense blob in Figure
2(b) could have decayed or moved latitudinally out of the scanned sector by
the time of the scan corresponding to Figure 2(c). At a nominal altitude of
400 km, the e-folding decay time is about 16 hours. With this extremely
slow decay rate, the peak plasma density of 8 x 10° el/cm3 [Figure 2(b)]
should not have decayed by more than 0.25 percent in the time between scans.
We see from Figure 2(c), however, that the peak plasma density was ~6.5 x
10° el/cm3, which corresponds to a 20 percent decrease. Moreover, we note
that the poleward displacement would require an eastward electric field of
50 mV/m. The measured eastward electric field was smaller by more than an

order of magnitude.

As a final example, the changes in the blob seen in each of the maps in
the bottom row of Figure 2 could reasonably be interpreted in terms of
latitudinal transport. The decay rate, however, is unreasonable. The peak
plasma density of the blob in Figure 2(f) should not have decayed to less

than 9 x 10° el/cm3. Instead, we find that the peak plasma density has

decreased to about 4 x 105 el/cm3. This apparent rapid decay, however,
could have easily been produced by an east-west gradient scale length of 120

km moving zonally at 440 m/s.

19




Interpretation of the data in Figure 2 in terms of east-west structure

is best illustrated by plan views of the isodensity contours at selected
altitudes. To do this, we have taken the plasma-density variations as a
function of invariant latitude, at selected altitudes (horizontal lines in
the maps in Figure 2), and fitted isodensity contours to the values obtained
from the six scans. The zonal displacements between scans were computed by
using the measured southward electric field of 22 mV/m. No attempt was made
to compensate for any latitudinal displacement because the east-west
electric field was small. The resulting isodensity contour maps for

altitudes of 360, 400, and 440 km are presented in Figure 3.

Analysis of the contour maps in Figure 3 reveals three important
features. First, the lower-valued isodensity contours (e.g., 5 x 105
el/cm3) are aligned northwest-southeast, instead of along a contour of
constant invariant latitude. Such a tilt could have been produced by a
6-mV/m eastward electric field. However, the fact that the zonal
electric-field component was westward on average suggests that the tilted
contours simply outline a large region of enhanced plasma density produced
by localized particle precipitation. The abrupt termination of the blob at
the west end of the maps provides more conclusive evidence that the tilt is

actual spatial structure. :

To determine the total east-west extent of the enhanced plasma-density
region produced (presumably) by locally intense particle precipitation, we .
examined elevation-scan data taken before to the first scan in Figure 2. 1In

a full-elevation scan made from 1052:44 to 1101:00 UT, a blob was detected

20
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at 67.6° invariant latitude and at the 350-km altitude. The peak plasma
density of the blob was 1.3 x 106 el/cm3. In an even earlier scan, made
from 1040:32 to 1048:48 UT, a blob was not seen near this latitude. Using
an average southward electric field of 15 mV/m (the southward electric field
was 10 mV/m at 1041 UT), we estimate that the eastern boundary of the blob
must have extended about 400 km to the right of the contour maps in Figure
3. The full east-west extent of the blob, therefore, must have been close

to 600 km.

From the above analysis, we envision all of the F-region blobs in
Figure 2 as parts of a single, large-~scale region of enhanced plasma
density, perhaps similar in cross section to an ellipse with the major axis
oriented in the geomagnetic east-west direction and having a 600-km extent.
The portion of the ellipse seen in Figure 3 would be the southwest quadrant
of the elliptically shaped blob. In this interpretation, the tilted,
lower—-isodensity contours in Figure 3 can be thought of as describing the
ellipse. The north-south extent is not completely sampled, but is at least
300 km. This large region of enhanced plasma density, presumably produced
by locally intense particle precipitation, is imbedded in a background

F-layer plasma density of perhaps 2 x 102 el/cm3.

The second feature of interest in the contour maps of Figure 3 is the
pattern created by the higher-valued isodensity contours. Two regions of
enhanced plasma density are seen to have a form like '"fingers" extending
southward and to be separated in east-west direction by regions of depleted

plasma density. Similar patterns of east-west structure are seen in the

22




three contour maps taken at different altitudes. The east-west separation

of the fingers 1is about 150 km. The enhanced (and depleted) plasma density
regions are also characterized by a tilt away from Magnetic North (vertical
direction in Figure 3) i.e., the major axis of the enhancements are aligned
northeast-southwest. The alignment of the enhancements (and depletions) are

nearly orthogonal to the lower-valued isodensity contours (first feature).

The plasma density in the center finger (at the 400~ and 440-km

altitudes) exceeds 100 el/cm3

by about a factor of two greater than that in
the depleted region along its east side. The peak plasma density in the
east finger, however, is smaller than that in the center finger. This
difference cannot be explained by flux-tube interchange processes such as

those associated with the gradient-drift instability without assuming some

initial structure produced by locally intense particle precipitation.

Finally, the third feature of interest is an apparent structuring of
the west wall of the center finger in Figure 3. The structure is in the
form of an eastward penetration of a low plasma-density contour between two
regions of higher plasma density. This structure is most evident at the
400-km altitude, although there is also some evidence of the eastward
penetration (of a lower-valued contour) at the 360 km altitude. West-wall
structuring is consistent with the gradient-drift instability driven by a

southward electric field. i

23




-

To summarize, the blobs observed during the six scans in Figure 2 are
clearly not latitudinal cross sectious of independent plasma-density
structures that are uniformly extended in longitude. The variations of the
blobs in latitudinal location and peak plasma density cannot be explained in
terms of latitudinal transport by the measured electric fields nor by
reasonable production or decay rates of plasma density. The simplest and
most consistent interpretation of the data in Figures 2 and 3 is that a
single large-scale blob was originally produced with a quasi-elliptical
cross section (600 km in longitude, 2300 km in latitude), by locally intense
particle precipitation. That initial configuration was then structured
zonally along its equatorward wall by the gradient-drift instability on an
intermediate scale (~150 km). The observed north~south structure is also

consistent with that produced by the same instability.,

Of course, the F-region plasma configuration does not have to be
locally unstable to produce the structure we have observed. Indeed, the
original precipitation structure itself may be quite complicated. Moreover,
the long lifetime of F-region ionization and relatively slow cross-field
diffusive decay rates lead to the situation where structural evolution is
cumulative. 1In other words, the amount of structure observed on a given set
of flux tubes depends in a complicated way on the structuring influences
encountered by those flux tubes during their past history [e.g., Vickrey and
Kelley, 1982a]. Nevertheless, the fact that the observed structure
consistently agrees with that expected from the local dynamics is highly

suggestive that local instabilities are indeed operating.
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IV DISCUSSION AND CONCLUSIONS

We have presented a data set in which the spatial distribution of the
observed F-region plasma density can most easily be explained in terms of a
single, large-scale plasma blob having significant east-west structure. The
blob itself was interpreted as being initially produced by locally intense
particle precipitation at the largest horizontal scales (~300 by 600 km),
and being structured by the gradient-drift instability at smaller scales
(~150 km). Although the smaller-scale structure could, in principle, also
be interpreted as being produced by locally intense particle precipition,
the characteristics of this structure are consistent with .. t of str.cture
produced by the gradient-drift instability. That is, in . he presence of a
poleward-directed slip velocity between F-region ions and neutrals, (1)
steeper latitudinal gradients in plasma density were found along the
equatorward side of blobs, and (2) the intermediate-scale structure appeared
to be associated with the equatorward side of the enhanced plasma-density
region. We note that the current-convective instability [Ossakow and
Chaturvedi, 1979] does not have to be invoked to explain these observations
because the slip velocitv, controlled by a southward-directed neutral wind,
was directed poleward. The current-convective instability contributes a
destabilizing factor to the irregularity growth rate; however, that factor
acts on both the poleward and equatorward gradients and, hence, does not

alter the basic conclusions.
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In the case of an isolated F-region blob, whose density dominates the
height-integrated Pedersen conductivity of the flux tube, the linear growth
rate of the gradient-drift instability can be estimated for simple slab

geometry from the results of Linson and Workman [1970]. (This conventional

formula, applied originally to barium ion-cloud structuring at lower

altitudes, has been shown by Ossakow et al. [1977] to be valid at the

altitudes and conditions of this data set.) In our case, for a southward
neutral wind of 370 m/s acting on a mean plasma-density gradient with scale
length of ~50 km, the irregularity e-folding growth time is 2.3 min. This
growth rate would appear large enough to have produced the pattern of
east-west structure presented in Figure 3. For example, 1if the initial
perturbation amplitude was 1 km, the observed wave amplitude of about 150 km

would have occurred in a period of seven e-folding times, or about 15 min.

While the southward neutral wind acted on the northward-~directed
gradient to produce the east-west structure, the southward electric field
should have acted on the eastward-directed gradient to produce north-south
structure. A 22-mV/m electric field acting on a 120-km gradient scale
length gives an e-folding time of 4.5 min. However, the zonal neutral wind
is not known. Its contribution to the slip velocity will determine the
actual e-folding time. The observed eastward penetration of lower-valued
isodensity contours into the center enhancement in Figure 3 is consistent
with our expectation that the zonal neutral wind was less eastward than the
bulk plasma motion. The neutral wind, determined primarily by ion drag,
would have been directed westward in the premidnight sector until the

reversal in plasma flow (in the Harang discontinuity region). Its
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subsequent eastward velocity would be expected to lag that of the plasma.
The relative lack of structure along the west wall of the east finger (right
side of Figure 3) as compared to the center finger, also supports the
concept that north-south structuring of the center finger occurred
simultaneously with east-west structuring, i.e., no secondary process 1is

required.

The above discussion of gradient-drift structuring in the two
orthogonal directions as independent processes may not be realistic.

Perkins and Doles [1975) and Keskinen and Ossakow [1982] showed that for a

slab geometry, the electric~field component parallel to the gradient can act
to dampen the irregularity growth rate of the gradient-drift instability.
The stabilization results from a shear in the E X g velocity, because the
electric field along the plasma-density (conductivity) gradient must
necessarily be locally intense to maintain a horizontally divergence-free
current. The velocity shear produced in their treatment also acts to tilt
the structures in the sense dictated by slower velocities in higher
plasma~density regions. For our data set where the southward electric field
is antiparallel to the plasma-density gradient, the east-west structures
would be expected to be rotated counterclockwise in Figure 3 from the
direction perpendicular to the initial gradient if the velocity-shear

mechanism 1is valid.

The alignment of the east-west structure in Figure 3 is seen to be
roughly orthogonal to the direction of the plasma-density gradient. The

absence of a tilt in the fingers suggests that the velocity-shear mechanism
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is not operative. 1Its absence in the auroral ionosphere, however, is

expected. The requirement for a divergence-~free current in the F layer can
be satisfied by field-aligned currents that close in a highly conducting
auroral E layer. Further discussion of the effects of conducting background

on the gradient-drift instability is given in later paragraphs.

The observed spatial wavelength of 150 km in east-west structure also

deserves some discussion. Keskinen et al. [1980] suggested that the outer

scale of gradient~drift-produced structure is always comparable to the
initial gradient scale length. This prediction, made on the basis of
numerical simulations of an isolated (i.e., no E region) plasma-cloud model,
would appear to be borne out by our observations. The spatial wavelength of

150 km i{s only three times the estimated gradient scale length.

All of the theoretical work mentioned above is strictly valid only for
an F-region blob that is insulated from a conducting E layer or background
ionosphere. More precisely, it 1s assumed that the integrated Pedersen
conductivity along magnetic flux tubes through the F-region blob is much
greater than the flux-tube—integrated Pedersen conductivity of the
background ionosphere. Although the E-region measurements corresponding to
this data set were not available, this assumption is not usually valid in

the auroral zone. For example, Vickrey et al. {1980] showed that the ratio

of integrated Pedersen conductivity between the E and F layers can be as
large as a factor of 100. Moreover, we have seen from Figure 3 that the
background F-layer plasma density is only two to three times smaller than

the peak plasma density within the blob. The presence of a conducting
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background, particularly that of an auroral E layer, leads to several

complications.

Perhaps the most obvious effect of a conducting E layer is that of
polarization charge neutralization by field-aligned currents that close in
the E layer. Because polarization electric fields are responsible for
driving the gradient-drift instability as well as the velocity shear

mechanism [Perkins and Doles, 1975], we expect a strong reduction of the

gradient-drift growth rate and suppression of the velocity shear in the
presence of an auroral E layer. As a first guess, we would expect the
growth rate to be proportional to (1 + ) where XA = ratio of the integrated
Pedersen conductivity of the blob to that of the background ionosphere

(primarily the E layer). Shiau and Simon [1974] analyzed shorting effects

of a conducting background and found that all modes for the barium ion cloud
case are stable for X slightly less than 0.5. The critical value of X for

the auroral F~region blob case should be lower because blobs occur at higher
altitudes and because larger electric fields and neutral winds are found in

the auroral zone, compared to values used by Shiau and Simon [1974]. The

growth time required to produce the observed east-west structure, therefore,
is likely to have been much longer than a few tens of minutes. The virtual
absence of tilts in the east-west structure also is consistent with the

expected effects of a conducting E layer mentioned above.

Many other complications of auroral F-layer instabilities remain to be
sorted out. A highly conducting E layer can lead to cross-field diffusion

of the F region at the ion rate rather than at the electron (or
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ambipolar-diffusion) rate because electrons can move freely up and down

field lines to and from the E layer where the ion gas is compressible

[Simon, 1955, Vickrey and Kelley, 1982b]. On the other hand, the

compressibility of the E-region plasma allows images of F-region structure
to form In the E layer (at least at small scales), which retards diffusion
at those scales in the F layer. Image effects have been considered by Volk

and Haerendel [1971]; Goldman et al. [1974]; Scannapieco et al. [1974];

Francis and Perkins [1975]; Doles et al. [1976]; and Vickrey and Kelley

[1982b]. Assessment of the ultimate impact of E-region images on F-layer
instabilities will require further theoretical work. For example, the fact
that E-region images must grow by compressing the ion gas faster than it is
recombined by chemistry, means that the formation of images depends on scale

size [see, for example, the discussion by Vickrey and Kelley, 1982b].

Smaller-scale images grow faster than large-scale images. However, the
efficiency with which the image "source" electric-field maps from the F
layer to the E region decreases rapidly at small scale sizes. These
competing effects may lead to a preferred scale size of irregularities in
both the E and F layers. Moreover, important effects are associated, with
the fact that for a given driving electric field, F-layer irregularities
drift rapidly in the Hall direction, whereas the E-region ion gas that is
compressed to form images, drifts substantially in the Pedersen direction.
Another complicating effect for E-region images is that the auroral E-region
density may be already structured on scale sizes comparable to the image
size because of structured particle precipitation. To date, no theoretical

investigation has treated all of these mechanisms together.
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In summary, direct evidence has been presented for the presence of

east-west structure in F-region plasma-density enhancements, or blobs. The
spatial dimensions of the blob analyzed in this data set however, should not
necessarily be considered typical. Other observations have shown that blobs
can extend in longitude over many hundreds of kilometers. Moreover, we do
not know whether structuring always occurs with a preferred wavelength of
150 km. A more complete investigation of blob characterization is underway

and will be the topic of future reports.

The interpretation of the data set presented as being consistent with
ongoing structuring via the gradient-drift process must also be viewed with
caution. Although the interpretation is qualitatively consistent with
thecry, we must recognize the possibility of complicating contributions.

For example, it is conceivable that significant structuring via the
gradient—drift instability is not possible in the auroral zone (because of
the conducting E layer) and that the observed structure is produced by other

means or elsewhere (e.g., nighttime polar cap) where E-region conductivity

effects are less significant.
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